Context. The DANCe survey provides photometric and astrometric (position and proper motion) measurements for approximately 2 million unique sources in a region encompassing ∼80 deg 2 centered on the Pleiades cluster. Aims. We aim at deriving a complete census of the Pleiades and measure the mass and luminosity functions of the cluster. Methods. Using the probabilistic selection method described in Sarro et al. (2014), we identified high probability members in the DANCe (i ≥14 mag) and Tycho-2 (V 12 mag) catalogues and studied the properties of the cluster over the corresponding luminosity range. Results. We find a total of 2 109 high-probability members, of which 812 are new, making it the most extensive and complete census of the cluster to date. The luminosity and mass functions of the cluster are computed from the most massive members down to ∼0.025 M . The size, sensitivity, and quality of the sample result in the most precise luminosity and mass functions observed to date for a cluster. Conclusions. Our census supersedes previous studies of the Pleiades cluster populations, in terms of both sensitivity and accuracy.
Introduction
As one of the closest and youngest open clusters, the Pleiades has been extensively studied over the past century. From stellar activity to multiplicity and lithium abundance, many topics have been addressed using this fascinating cluster as a cornerstone. One very important subject is the shape of the origin of the initial mass function, a key tool in understanding the formation and evolution of the stellar populations in different environments. Its computation requires an accurate description of the stellar (and substellar) census.
As a matter of fact, the study of the Pleiades as a group started much earlier. Both Claudius Ptolemy and Tycho Brahe identified a few dozen stars. Even Galileo Galilei did not do much better when he made the first telescopic observation of the cluster. Coming back to the 20th century, the stellar census expanded rapidly due to the increase in sky coverage and the depth.
To name a few that are important because the naming conven- tion and prefixes: Trumpler (1921a) and Trumpler (1921b) for Tr; Hertzsprung (1947) for "HII"; Artyukhina (1969) for "AK"; Haro et al. (1982) for "HCG"; van Leeuwen et al. (1986) for "Pels"; Stauffer et al. (1991) for "SK"; Hambly et al. (1993) for HHJ; Pinfield et al. (2000) for "BPL"; and Deacon & Hambly (2004) for "DH". The Pleiades has also been a privileged target for the search and study of substellar objects. The first confirmed brown dwarfs were in fact discovered in the Pleiades (Rebolo et al. 1995; Basri et al. 1996) , extending the mass function beyond the hydrogen-burning limit. Several studies subsequently identified a growing number of substellar Pleiades members, providing hints that the mass function flattens or even increases at the very low mass end (e.g., Moraux et al. 2003; Lodieu et al. 2012 , and references therein) and suggesting different (or additional) formation mechanisms. Stauffer et al. (2007) have recently presented an exhaustive list of candidate and confirmed members that come from more than a dozen independent surveys of the Pleiades down to the limit of sensitivity of the 2MASS 6x Atlas and Catalogs. The total number of members and candidate members reported in their work adds up to 1 471 objects. More recently, Lodieu et al. (2012) A&A proofs: manuscript no. AA-2014-25019 mass members. The limited astrometric accuracy of the UKIDSS survey and the inconsistent probability membership calculations used in their study resulted in an incomplete and contaminated list of members (Sarro et al. 2014) .
In Sarro et al. (2014) , we presented a new probabilistic method based on a multivariate analysis to derive reliable membership probabilities using the DANCe catalog of Bouy et al. (2013) . In this article, we present a new release of the DANCePleiades catalog including new photometry and updated membership probabilities (Appendix A), as well as a new analysis of the Tycho-2 catalog using the same technique (decribed in Appendix B), in order to also tackle the high mass end of the cluster. We used them to derive an improved list of high probability cluster members, described in section 2. Since the Pleiades has played a very important role in the history of brown dwarf searches, we assess different surveys again by looking for substellar members in Section 4. In section 6.1, we derive the luminosities and effective temperatures of the Pleiades members. In section 6, we compute the luminosity and mass functions of the cluster and compare them to theoretical predictions. Finally, in section 5 we provide emprical isochrones of the Pleiades singlestar locus in the B T ,V T ,u,g,r,i,z,Y,J,H, and K s filters.
Building the sample of members
Deriving a reliable luminosity function representative of the true cluster's population requires a good understanding of the selection biases. In an effort to cover the entire luminosity range, we combined candidate members from two complementary sources.
-Middle and low luminosity end: the DANCe survey is expected to be complete over the dynamic range between 14 i 23 mag (see Fig. A .1). A new (second) release of the DANCe-Pleiades catalog (Bouy et al. 2013 ) is provided with the present article, and described in Appendix A.
The main improvement consists in the addition of gri photometry from the AAVSO Photometric All-Sky Survey DR7 (APASS), as well as our own new Y-band photometry for a small subsample of candidate members at the bright end, when no measurement was available. These two additions allow us to recover many members previously missed because of the lack of a good training set with complete photometric coverage at the bright end of the DANCe survey. In Sarro et al. (2014) , we discussed various selection biases in the DANCe-Pleiades catalog relative to the choice of the variables used for the membership probability calculations. As recommended in this article and for the rest of the present study, we use the membership probability defined using the RF2, and a selection threshold at probability greater than or equal to 75%. A total of 2 010 sources were selected. -High luminosity end: the Tycho-2 survey provides astrometric and photometric measurements for 2.5 million sources brighter than V 12 mag. We complemented the Tycho-2 B T , V T photometry with APASS, 2MASS, and CMC-14 photometry, and applied the method described in Sarro et al. (2014) to the corresponding catalog within the same area as the DANCe survey. The selection process -and in particular the choice of variables and selection threshold -are described in more detail in Appendix B. We identified 207 candidate members, which overlap with the DANCe selection mentioned above.
The DANCe and Tycho-2 samples overlap over more than 3 mag and include 110 common sources. The overlapping region is believed to be incomplete because it corresponds to the limit of sensitivity of the Tycho-2 catalog and to the saturation limit (largely inhomogeneous over the field covered) of the DANCe survey. Even though the final catalog seems to cover the entire luminosity range, the domain between 12 i 14 mag must suffer from biases and incompleteness that are hard to quantify. Finally, a visual inspection showed that Alcyone and Electra had been missed by our selection. Both are indeed absent in the Tycho-2 catalog. For completeness, we added them to the final list of members, which include a total of 2 109 high probability members. Figure 1 shows the sample size -raw and corrected for contamination -as a function of the membership probability threshold for the DANCe sample alone. The contamination rate was estimated using simulations as described in Sarro et al. (2014) . It shows that the total number of members after correction for contamination slowly increases to reach ∼2 000 -2 100 members at a threshold of ∼0.2 -0.3, and then rapidly increases at lower membership probabilities. The simulations probably largely underestimate the contamination level for the lowest membership probability values, explaining the sharp increase. But Fig. 1 nevertheless suggests that between 200 and 300 sources below the conservative 75% threshold used in our analysis could be genuine members whose probability was lowered because of problematic photometric measurements or very large astrometric uncertainties. As such they deserve attention and follow-up observations to confirm their membership in the cluster. The same applies to the Tycho-2 sample, in which ∼10 -20 members might have been missed by the 0.48 membership probability selection threshold (see Appendix B). With this limitation in mind and to minimize the contamination level, for the rest of the present analysis we use the recommended 0.48 and 0.75 thresholds for the Tycho-2 and DANCe samples, respectively. 
Comparison with previous surveys
We compare the result of our selection with the list of 1 471 candidate members from Stauffer et al. (2007) and 757 candidate members from Lodieu et al. (2012) . These two studies cover a similar area, and their dynamic ranges largely overlap, resulting in a total of 644 candidates in common. The two lists combined add up to 1 584 unique candidate members, of which 1 297 have a counterpart within 2 in the DANCe catalog. Figure 2 shows a Venn diagram comparing the three samples of candidate members. A total of 812 candidate members identified in the present study are not included in Stauffer et al. (2007) or Lodieu et al. (2012) . Figure 3 shows a (i, i − K) color-magnitude diagram for the 1 411 candidate members with both i and K photometry. We investigated the candidates from Stauffer et al. (2007) and Lodieu et al. (2012) with a counterpart in the DANCe survey but a membership probability below our 0.75 threshold. We explored the Malahanobis distances in the hepta-dimensional space of proper motions, luminosities, and colors. Figure 4 presents the results. Four Malahanobis distances were explored: -MD1: minimum distance to any of the Gaussian components in the bidimensional proper motion space; -MD2: minimum distance to the principal curve (isochrone) of the single star locus in the penta-dimensional space made of colors and luminosities; -MD3: minimum distance to the principal curve (isochrone) of the equal-mass binary star locus in the penta-dimensional space made of colors and luminosities.
Each MD therefore tells whether a source has been rejected mostly because of its inconsistent proper motion (MD1) or photometry (MD2 and MD3) or both. Figure 4 shows that in general and as one could expect, objects with low membership probabilities have large Malahanobis distances in several spaces, while high probability cluster members are generally located at short Malahanobis distances in all spaces. A source with an inconsistent proper motion (large MD1) is indeed most likely unrelated to the cluster so is likely to display colors and luminosities that are inconsistent with the cluster single and binary sequences (MD2 and MD3). These results suggest that in general the rejection is robust because it is consistent in several dimensions. A number of members from Stauffer et al. (2007) have membership probabilities below our 0.75 threshold but above 0.1. As discussed above, these could well be genuine members as well. Additionally, a number of candidate members from Stauffer et al. (2007) fall in the domain of incompleteness between the Tycho-2 and DANCe analyses, are missed by the present study, and contribute to the difference illustrated in the Venn diagram.
Brown dwarfs in the Pleiades
The Pleiades cluster has been one of the most popular brown dwarf hunting grounds. The study by Lodieu et al. (2012) is discussed above. In the following we compare the list of candidate substellar members of the Pleiades from Moraux et al. (2003) , Bihain et al. (2006) , Casewell et al. (2007) , and Zapatero Osorio et al. (2014b) to the DANCe list of high probability members. Earlier studies exist but are superseded by the latest ones.
Moraux et al. (2003)
Based on proper motion (I, Z) photometric measurements, Moraux et al. (2003) have discovered 37 brown dwarf candidate members of the Pleiades. The entire dataset of images used by these authors was included in the DANCe survey, ensuring a complete spatial overlap with the corresponding study. Only 31 candidates have a counterpart in the DANCe catalog within 2 . A visual inspection of the CFH12K, MegaCam, and UKIDSS images shows that three of the six remaining (CFHT-PLIZ-5,14, 18) are not detected in the CFH12K, MegaCam, or UKIDSS images, so we interpret them as false detections. The other three (CFHT-PLIZ-23, 34, 37) are fast-moving sources that visibly move by several arcsec over the 13-year period and can be rejected as well.
A total of 13 objects classified as members by Moraux et al. (2003) have membership probabilities below 10% and are considered as contaminants. All of them have such very low membership probabilities mostly because of proper motions inconsistent with the cluster's mean motion. Table 1 gives a summary of the 19 candidate members from Moraux et al. (2003) rejected in our analysis. Bihain et al. (2006) complemented the CFH12K data presented in Moraux et al. (2003) with deep near-infrared J-band images to search for new substellar members. A total of 26 out of 34 very low mass and substellar members of their list have a counterpart in the DANCe catalog. None of the eight that are missing are detected in our deeper MegaCam stacked images even though they are supposed to be brighter than the limit of detection, so we consider them as false detections. Finally, four of the twenty-six candidates with a counterpart in the DANCe catalog have membership probabilities close to zero essentially because of inconsistent proper motions, and are also considered as contaminants. The remaining 22 have high membership probabilities(>99%) and are considered as good candidate members. Table 1 gives a summary of the 12 candidate members from Bihain et al. (2006) rejected in our analysis.
Bihain et al. (2006)
4.3. Casewell et al. (2007 ) Casewell et al. (2007 combined the UKIDSS ZYJHK images with the far red I, Z CFH12K images presented in Moraux et al. (2003) to search for new members. A total of 16 out of 23 candidate members have a counterpart in the DANCe catalog. Five out of these 16 candidate members have very low membership probabilities. All but one have proper motions that are inconsistent with the cluster's motion. The last one (PLZJ-56) has a proper motion consistent with the cluster's mean motion but optical luminosities and colors inconsistent with the cluster's sequence: the source appears to be slightly bluer (by ∼0.2 mag) than the Pleiades sequence in all color-magnitude diagrams. This object could be a genuine member with a peculiar color, so it deserves further attention. Follow-up observations are needed to confirm its membership status. The remaining 11 have high membership probabilities(>99%) and are considered to be good candidate members. Table 1 gives a summary of the 16 candidate members from Casewell et al. (2007) with a counterpart in the DANCe survey.
Zapatero Osorio et al. (2014b)
Zapatero Osorio et al. (2014b) have recently reported the discovery of 44 ultracool dwarf candidate members of the Pleiades based on proper motions and near-infrared photometry. Thirty two sources from their Tables 1 and 2 have a counterpart in the DANCe catalog (Sarro et al. 2014, and Table 1 ). Twenty have a membership probability close to 0 because their proper motions are inconsistent with the cluster's mean motion within the uncertainties.
In most cases, the DANCe dataset used to derive these proper motions are excellent, with a long time baseline, a relatively large number of epochs, and reduced-χ 2 close to unity. The deep multi-wavelength photometry included in the DANCe catalog is also useful for testing their membership. Several are detected in either u, g, or r or in the old DSS plates, which is highly unlikely for such ultracool Pleiades brown dwarfs. All are detected in either the r or i-band with luminosities inconsistent with the empirical Pleiades sequence, as shown in Fig. 5 . On the basis of our more precise proper motion measurements, optical photometry, and probabilistic membership analysis, we rejected these 20 candidates and classified them as contaminants. Only 12 candidates of the 32 with a counterpart in the DANCe catalog have high membership probabilities according to Sarro et al. (2014) . All 12 had been previously discovered and identified in the literature or in the DANCe survey.
Finally, half of the 12 sources without counterparts in Sarro et al. (2014) have a counterpart in the complete DANCe catalog but no reliable proper motion, so they were not included in the Sarro et al. (2014) analysis and catalog. The DANCe complete catalog includes photometric information that helps discard a few more candidates. Calar Pleiades 31 is detected in the r band with 22.66±0.12 mag -too bright for a J=21.37 mag Pleiades ultracool dwarf. Calar Pleiades 23, 28, 29 and R2, R3 are detected in the i-band with luminosities inconsistent with the empirical Pleiades sequence (see Fig. 5 ). Calar Pleiades 22, 24, 25, 26, 30, and 31 do not have any counterpart in the DANCe complete catalog. According to the authors, Calar Pleiades 26 is associated to a faint source in the UKIDSS K s image, which they use to derive a proper motion measurement. A visual inspection of the UKIDSS and WISE images shows that the crossidentification is wrong, because the counterpart is located 1 . 4 north of the reported position of Calar Pleiades 26 and is associated to an optical source (dance-j03451608+2335088, within 0 . 2). The corresponding astrometry and photometry is therefore wrong. The detection seen near (but not exactly at) the location of Calar Pleiades 26 in the same Omega-Prime images as the one used by these authors is extremely faint and, if real, is blended with the DANCe source 5148179. For the rest of the study, we consider Calar Pleiades 26 as a contaminant. A total of five candidates remain, leading to a contamination rate of ≥61% in the Zapatero Osorio et al. (2014b) survey.
From this original sample, Zapatero Osorio et al. (2014a) have recently obtained near-infrared spectra of the candidate members dance-j03474678+2535166, dancej03453330+2334342, dance-j03481565+2550089, dancej03455848+2341539, and Calar Pleiades 21 and 22. The spectroscopic features support their cluster membership. They also obtained an improved upper limit on the Z-band photometry of Calar Pleiades 25, which is consistent with membership but does not allow drawing a firm conclusion about its membership.
Importance of inspecting the images
Proper motion surveys based on a couple of epochs have been commonly used to search for members of young clusters. The present analysis finds contamination rates of at least 50%, 35%, 43%, and 61% in Moraux et al. (2003) , Bihain et al. (2006) , Casewell et al. (2007) , and Zapatero Osorio et al. (2014b) , respectively. The vast majority of identified contaminants have discrepant proper motions according to the DANCe measurements, which illustrates the need to have more than just two epochs to derive robust proper motions from ground-based images.
Additionally, a significant fraction of the contamination is related to false detections and illustrates the need to always visually inspect the images and not rely just on the catalogs. The latter inevitably contain errors and false or problematic detections. These recommendations also apply to the DANCe catalog itself, even though it is based on a larger number of images and epochs (so is generally more reliable). For that reason, we make the MegaCam r, i and UKIDSS K s mosaics used for the DANCe survey available on the internet at the following address: http://visiomatic.iap.fr/pleiades/. The images can be browsed in an intuitive, interactive way thanks to the VisiOmatic tool (Bertin et al. 2014) . The Pleiades members identified in the DANCe survey are indicated, and their photometry, spectral energy distribution (SED), best-fit effective temperatures (see Section 6.1), proper motions, and membership probabilities are reported.
Empirical Pleiades isochrones

Empirical isochrones
The robust membership probabilities and multiwavelength photometry covering the spectral range from the near-UV the nearinfrared offers a unique opportunity to measure precise empirical isochrones. Such isochrones prove extremely useful as a reference for the study of other groups and clusters and can be used as an absolute empirical calibration for the evolutionary models. Table 2 gives the apparent magnitudes for the Pleiades empirical sequence in the u,g,r,i,Y,J,H,K s over the dynamic range of the DANCe dataset. The i-band was used as reference, and the other luminosities were imputed by fitting a principal curve to the ridge of the empirical sequence in the corresponding colormagnitude diagram and by applying a manual offset (typically between 0.1 and 0.2 mag in color) to match the lower edge, as illustrated in Figure 6 . To minimize systematics and errors, only sources with a membership probability greater than or equal to 0.99 were used. Similarly, Table 3 gives the apparent magnitudes for the Pleiades empirical sequence in the B T , V T , J, H, and Kbands obtained from the reanalysis of the Tycho-2 data and using V T as reference. Increasing photometric errors towards the faint end result in larger uncertainties for the location of the sequence. The isochrones should therefore be considered and used with caution at the faint end (see Fig 6) . Figure 7 compares the observed sequence of Pleiades members in various color-magnitude diagrams to the models of Allard (2014) and Bressan et al. (2012) for an age of 120 Myr. Members with a probability greater or equal to 0.99 are represented to minimize the contamination and associated noise in the comparison. The match is in general relatively poor in any color-magnitude diagram made of optical and near-infrared luminosities. As already known (see, e.g., Bell et al. 2012; Baraffe et al. 1998 , and references therein), the difference between observations and models is larger at the faint end and suggests that the current description of the atmospheres of late-M and L-type brown dwarfs presents a number of problems. Surface inhomogeneity (active zones, spots, Stauffer et al. 2003; Kamai et al. 2014) , and rotation (Somers & Pinsonneault 2014; Kamai et al. 2014) , molecular opacity (e.g., Faherty et al. 2012; Manjavacas et al. 2014) , weather (Crossfield et al. 2014) , and abundances (specifically the Article number, page 5 of 20 A&A proofs: manuscript no. AA-2014-25019 9.252 9.143 9.071 11.4 9.287 9.239 solar abundances as reference, see, e.g., Allard et al. 2011 ) are all known to contribute to the differences between observations and model predictions. Such models should therefore be used with caution in the corresponding luminosity range. Whenever possible and until the models match the observations, empirical isochrones, such as the ones provided above should be preferred to their theoretical counterparts when looking for members.
Comparison with evolutionary models
Present-day luminosity and mass functions of the Pleiades cluster
Luminosities and effective temperatures of the Pleiades members
We estimated the effective temperatures (hereafter T eff ) and bolometric luminosity (L bol ) of all Pleiades candidate members using the virtual observatory SED analyzer (hereafter VOSA, Bayo et al. 2008) . For that purpose, the optical and near-infrared photometry of the DANCe catalog was complemented by WISE (Cutri et al. 2012 ) mid-infrared photometry, when available. Briefly, VOSA compares the observed SED to a grid of theoretical SEDs. The grid was made of BT-Settl models (Allard et al. 2012) in the range 1 500<T eff <4 000 K (in steps of 100 K) and Kurucz models (Castelli et al. 1997) in the range T eff >3 500 K. The overlap was defined on purpose to mitigate the effect of the discontinuity between the two sets of models over that range of effective temperatures. In that range, the best fit (in terms of χ 2 ) was chosen between the two sets of models. VOSA offers the advantage of deriving L bol using all the available photometric information rather than a subset of colors and luminosities. It estimates the bolometric luminosities by integrating the observed luminosities complemented by the bestfit model over the wavelength range not covered by the observations. For most of the sample, at least 35% of the inferred bolometric luminosity corresponds to the observations. As such, it is less (but nevertheless still) sensitive to problems in a given photometric band pass, uncertain bolometric corrections, errors in the evolutionary models as described previously, variability, excesses, and some extent extinction. The T eff is computed using the L bol derived as described above and assuming a stellar radius. The latter depends mostly on the interior models, which have been relatively well calibrated for low mass stars. The T eff should therefore be only moderately affected by the deficiencies in the atmospheric models described in Section 5.2. Using a similar method, Dahn et al. (2002) estimated errors on the T eff on the order of 50 K, which is smaller than the sampling of the grid of models used in our study.
The photometry was deredenned by assuming the canonical mean extinction to the Pleiades of A V =0.12 mag and a distance of 136.2 pc (Melis et al. 2014 ) was assumed to compute the bolometric luminosities. Photometric measurements below 0.45 µm and beyond 12 µm are often subject to excesses related to activity and/or the presence of circumstellar debris disks and were systematically ignored for the fit. A visual inspection of the SEDs was performed to reject the remaining obviously problematic photometric measurements. The quality and the quantity of the photometric measurements (∼85% of the sources have more than 8 photometric measurements) resulted in a robust fit for most sources. Only six sources had fewer than the minimum three photometric measurements required to perform a meaningful fit, and are discarded for the rest of the analysis. The DANCe Pleiades Release 2 online table includes the estimated T eff and L bol for the 2 010 sources selected as members in this study.
Completeness and contamination of the sample
Prior to deriving a luminosity function, we assess the completeness of our analysis. We identify several sources of incompleteness and contamination. As described in Sarro et al. (2014) , the 75% selection threshold on the membership probability leads to an estimated contamination rate of ∼7% at most. The number of missed members is estimated to reach 4% at most. These numbers do not take real Pleiades members with properties differing significantly from their siblings into account:
-High order (N ≥3) unresolved multiple systems can appear significantly brighter than the single star and equal-mass binary sequences used for the calculations and hence be given lower probabilities. Figure 3 shows that several candidate members passed our selection criterion in spite of being overluminous and could be high order multiple systems.
Article number, page 7 of 20 A&A proofs: manuscript no. AA-2014-25019 -The orbital motion of long period (decades or centuries) unresolved binaries can affect their apparent proper motion significantly and result in lower membership probabilities. -White dwarfs have colors and luminosities inconsistent with the empirical stellar main sequences used to compute the membership probabilities and were missed. A future study will look for them in the DANCe catalog.
Additionally, because the DANCe catalog is based on archival observations of very diverse origins, the sensitivityhence completeness -is not homogeneous over the entire area covered by the survey. Based on the spatial coverage and depth of the datasets used to derive the DANCe catalog, we identify a region of the survey where the completeness is believed to be homogeneous. This area is defined by our own recent CFHT MegaCam i-band observations and covers a roughly square region of ∼3×3
• centered on the Seven Sisters (see Fig. 1 of Bouy et al. 2013 ). To perform a meaningful study of the luminosity and mass functions, we therefore limit the following analysis to a circular region around the cluster's center (at RA=03:46:48 and Dec=24:10:17 J2000) and with a radius of 3
• . A total of 1 378 members fall within this region. Pinfield et al. (1998) reported a significant mass segregation that might affect the present study of the mass and luminosity function. We nevertheless note that the 3
• radius corresponds to more than double the size of the core radius for low mass stars and almost seven times the core radius for high mass stars estimated by Pinfield et al. (1998) . Figure 8 shows the bolometric and absolute Ks-band system's luminosity function assuming a distance of 136.2 pc. We chose to represent the distribution of absolute Ks-band magnitudes because all but 8 of the 1 378 members falling inside the region defined above have a Ks-band measurement.The DANCe catalog is believed to be sensitive up to Ks∼20 mag but complete up to Ks∼17 mag (or M Ks =11.3 mag). A kernel density estimate (KDE) was preferred over histograms to build a continuous present-day luminosity function (PDLF). The KDE was obtained using a bandwidth of 0.3 mag for the DANCe sample and 0.8 mag for the Tycho-2 sample and an Epanechnikov kernel. Uncertainties were estimated using bootstrapping and computing the 95% confidence intervals (defined between quantile 2.5% and 97.5%) over 1 000 replicates. These uncertainties do not include the contamination and missed members mentioned above or the photometric uncertainties.
System's present-day luminosity function
An interesting feature is observed beyond M Ks ≥9.8 mag (Ks≥15.5 mag) and M bol ≥12.5 mag, where the luminosity function becomes almost flat. These luminosities correspond roughly to 0.04∼0.05 M according to the models of Allard (2014) assuming an age of 120 Myr (Stauffer et al. 1998 ; Barrado y Navascués et al. 2015). This significant change in the slope suggests that different or additional formation mechanisms must be at work for high and low mass brown dwarfs.
We note that the small drop at the edges of the complete domain is interpreted as a boundary effect of the kernel density estimate and is not physical. The luminosity function is available in the online Table 1.
System's present-day mass function
Deriving a mass function requires transforming luminosities to masses. These transformations are usually based on poorly or uncalibrated theoretical mass-luminosity relationships. In Section 5, we found that the models poorly match the observed colors and luminosities, especially at the very low mass end. The mass-luminosity relationship in the corresponding luminosity range must therefore be considered with caution, and any mass estimate should be regarded as strongly model dependent and tentative. With this important limitation in mind, we derive the Pleiades present-day mass function for system (PDMF) and compare it to recent predictions and models of the system's initial mass function (IMF) .
The values of L bol estimated with VOSA were transformed into masses using the mass-luminosity relationship given by the 120 Myr BT-Settl models for objects with T eff ≤4 000 K and the 120 Myr Bressan et al. (2012) models for objects hotter than T eff ≥4 000 K. According to these calculations, the faintest candidate members have masses of only ∼20 M Jup , and the most massive member is Alcyone with 9.4 M . The estimated masses are also included in the online DANCe Pleiades Release 2 table. Figure 9 shows the distribution of masses obtained. The KDE was obtained using a bandwidth of 0.1 (in log 10 (m)) for the DANCe and Tycho-2 samples and an Epanechnikov kernel in both cases. As for the PDLF, uncertainties were estimated using bootstrapping and computing the 95% confidence intervals (defined between quantiles 2.5% and 97.5%) over 1 000 replicates, and they do not include the contamination and missed members mentioned in Section 6.2. Table 2 gives the results, and 
Comparison to theoretical predictions
Unlike what was reported by previous authors (see, e.g., Moraux et al. 2003; Kroupa et al. 2013 ), the slope above 1 M matches the α=2.3 value predicted by Thies & Kroupa (2007) relatively well. But as mentioned above, the study of membership by Sarro et al. (2014) used for the present analysis did not include white dwarfs. At least two white dwarf candidate members of the Pleiades were reported in the literature (Dobbie et al. 2006; Luyten & Herbig 1960) , one of them ultra-massive. If confirmed, these two members could significantly change the slope of the PDMF at the high mass end. Additionally, early dynamical interactions in multiple systems probably ejected a substantial number of massive stars. The missing white dwarfs and ejected members therefore affect the comparison with the model of Chabrier (2005) and Thies & Kroupa (2007) , and suggest that in spite of the apparently better match of Chabrier (2005) model with our observations, Thies & Kroupa (2007) prediction is probably closer to the real distribution (in that mass range).
Overall, Chabrier (2005) model and Thies & Kroupa (2007) match the PDMF in the range 0.02<M<0.6 M relatively well. Both predict too many very low mass stars and brown dwarfs, a discrepancy that has been repeatedly reported in the Pleiades and other clusters and could be related to uncertainties in the mass-luminosity relationship used to build the observed PDMF. Interestingly, the PDMF becomes flat at the very end, between 20 M Jup and 50 M Jup , a feature already suggested by other authors and now confirmed by our study and the consequence of the flattening observed in the luminosity function mentioned above. One possible explanation was that several formation mechanisms lead to the formation of brown dwarfs. While the majority of brown dwarfs probably form like their more massive stellar counterparts from the fragmentation and collapse of a molecular cloud, a significant number might be formed as companions in the disk of a more massive system and subsequently ejected by dynamical interactions.
As illustrated in Fig. 10 , the observations suggest dividing the PDMF into four domains. Each domain can be fitted with a power law m −α with the following indices:
H. Bouy et al.: The Seven Sisters DANCe Fig. 9 . Observed present-day system mass function of the Pleiades within the central 3
• radius (red). Chabrier (2005) model for the galactic disk mass function (normalized to the same total mass over the range 0.03-0.6 M ) and Thies & Kroupa (2007) prediction for the Pleiades cluster are overplotted in blue and green, respectively, and normalized to the same total mass over the range 0.03-0.6 M . The "gap" between the Tycho-2 and DANCe analyses and the estimated limit of completeness of the DANCe survey are indicated by shaded areas. Figure 11 compares the results of our study to the PDMF reported in the young ∼1 Myr old Trapezium cluster and in the 625 Myr old Hyades cluster. The Hyades PDMF was computed as follows. The stellar PDMF was computed using the sample of members and masses reported in Goldman et al. (2013) and the substellar PDMF using the sample of brown dwarfs and masses reported in Bouvier et al. (2008) . In both cases a KDE with an Epanechnikov kernel with a bandwidth of 0.1 (in log 10 (m)) was used. The two studies covered very different areas. The substellar PDMF obtained from the Bouvier et al. (2008) sample was therefore scaled to match the integrated mass of the Goldman et al. (2013) sample over the mass range 0.1-0.15 M where both studies are expected to be complete and overlap.
The mass function in time: comparison to other clusters
The PDMF of the Trapezium cluster was estimated by transforming the K-band luminosity function reported by Muench et al. (2002) into a mass function using the BT-Settl models at 1 Myr up to 1 M , and Bressan et al. (2012) at 1 Myr models above 1 M .
The Trapezium and Hyades clusters were not chosen randomly for the comparison. They are similar to the Pleiades in many aspects. Their total masses and numbers of members are similar, and various studies have derived their mass functions over a similar mass domain, making the comparison meaningful and interesting. Additionally, the Pleiades has been described as a snapshot of the Trapezium's future (Kroupa et al. 2001 ) and of the Hyades' past (Bouvier et al. 2008) . Figure 11 therefore illustrates the evolution of the mass function in time.
In this context and as already known (see, e.g., Moraux & Bouvier 2012 , and references therein), Figure 11 shows that the proportion of very low mass stars and brown dwarfs is clearly decreasing over time and that the peak of the mass function is shifting toward higher masses from 0.2 M at the age of the Trapezium and of the Pleiades to 0.5∼1 M by the age of the Hyades.
The flattening of the Pleiades PDMF below 0.05∼0.06 M is observed in the Trapezium PDMF as well, reinforcing the idea that the overabundance of low mass brown dwarfs is due to additional formation mechanisms -including photo-evaporation, disk instabilities, and ejections -rather than late (>1 Myr) dynamical evolution. A similar flattening might be present in the Hyades PDMF around 0.075 M , but the very large uncertainties due to the very-small-number statistics in that mass range prevent any firm conclusion and meaningful comparison.
In any case, and within the large uncertainties of each PDMF at the very low mass end, the level of overabundance around 0.05 M seems to be decreasing with time, since it is rather large at the age of the Trapezium and the Pleiades and possibly shifted toward higher masses (if present) at the age of the Hyades. This would be consistent with the classical picture in which a significant number of very low mass stars and brown dwarfs are ejected before the first million years, and subsequently evaporate as the cluster becomes more and more relaxed.
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At the high mass end, the comparison is not straightforward. Both the Hyades and Pleiades samples miss the white dwarfs. Including the white dwarfs would certainly change the comparison. The Trapezium includes several massive stars. By the age of the Pleiades, the most massive of them (which fall beyond Fig. 11 coverage) have since long exploded as supernovae . Some massive stars might also have been ejected from their parent multiple stellar system. In any case, the lack of statistics at the high mass end means that the comparison of the mass function over the corresponding domain is often not statistically significant.
Conclusions
We have presented a study of the Pleiades cluster's properties. We combined the results of the DANCe survey (Sarro et al. 2014 , updated with new photometry and improved membership probabilities) with a reanalysis of the Tycho-2 catalog over the same area. Our analysis allows us to: 1. identify 2 010 candidate members in the DANCe survey; 2. identify 207 candidate members in the Tycho-2 catalog, including 87 new members; 3. provide the largest and most complete census of the cluster.
After removing matched entries in the DANCe and Tycho-2 samples (110 sources) and adding Electra and Alcyone (missed in both surveys), the final sample of Pleiades members adds to 2 109 members, including 812 previously unknown members; 4. estimate contamination levels between 35% and 61% in previous surveys from the literature searching for Pleiades brown dwarfs; 5. provide accurate empirical isochrones in six broad band optical and near-infrared filters (r,i,Y,J,H,K s); 6. show that theoretical isochrones poorly match the empirical sequence in most color-magnitude diagrams made of optical and near-infrared colors and luminosities; 7. observe that the luminosity function becomes flat beyond K s > ∼ 15.5 mag, corresponding to ∼0.04 -0.05 M and suggesting that different or additional formation mechanisms must be at work at the very low mass end; 8. show that the overall shape of the theoretical models or predictions of the system initial mass function is in reasonable agreement with the observed system's present-day mass function (assuming that the theoretical mass-luminosity relationship is correct). They predict too many brown dwarfs, but the uncertainty on the mass-luminosity relationships prevents us from drawing any firm conclusion about this difference. They do not predict the flattening down to 0.05 M H. Bouy et al.: The Seven Sisters DANCe In this new release, the DANCe-Pleiades catalogue presented in Bouy et al. (2013) and (Sarro et al. 2014) has been improved in the following ways:
-addition of APASS gri photometry when no measurement was available; -addition of Y-band photometry for 40 bright candidate members from the list of Stauffer et al. (2007) ; -recalculation of the membership probability using the new photometry following the method described in (Sarro et al. 2014) .
Complementing the previous release at the bright end using the APASS and our own Y-band observations was particularly useful for the membership analysis. The selection process described in Sarro et al. (2014) made use of the ri and Y JHK photometry. The JHK photometry comes from a combination of 2MASS and UKIDSS and covers the entire dynamic range up to ∼19 mag. On the other hand, the riY photometry was limited to ∼13 mag, and was preventing us from defining a training set of members with complete photometric coverage for the brightest sources.
To circumvent this problem, we gathered gri photometry from the APASS survey. The APASS DR7 release covers ∼97% of the sky and 100% of the area encompassed by the DANCePleiades survey in the Johnson B and V and Sloan gri filters. Since no Johnson photometry was available in the DANCePleiades catalog, it was ignored and we only included the gri photometry. The APASS survey is valid from about the 10 th to 17 th magnitudes. Brighter sources are not as reliable, but we nevertheless chose to report the corresponding photometry in our catalog, keeping this limitation in mind.
No shallow Y-band survey was available in the Pleiades at the time of our analysis. Service time was granted to us at the William Herschel Telescope (Proposal SW2013b27, P.I. Bouy) with its LIRIS near-infrared camera (Acosta-Pulido et al. 2002) . Shallow Y-band images of a sample of 40 bright candidate members of Stauffer et al. (2007) with available riJHK photometry and randomly selected to cover the luminosity range between 8-14 mag were obtained on 23 December 2013 and 3 January 2014. Sets of five individual exposures of 0.9 s were obtained at five positions around the target. The ambient condition was good, and the photometric zeropoints were derived by comparison of the faint sources present in the images with their UKIDSS counterparts. The individual raw images were processed using an updated version of Alambic (Vandame 2002 ), a software suite developed and optimized for the processing of optical and near-infrared imagers, and configured for LIRIS. Alambic includes standard processing procedures, such as dark subtraction for each individual readout ports, flat-field correction, bad pixel masking, destripping, and background subtraction.
The analysis presented in Sarro et al. (2014) was then repeated including the new photometry. It allowed us to extend the training set, hence the final calculation of membership probabilities, at the high luminosity end up to ∼9 mag. As a result, a total of 97 members originally missed by our analysis were recovered at the bright end. Table 3 gives the astrometry, photometry and membership probability for the second release of the DANCe catalogue presented in this study. Figure A .1 shows the distribution of apparent magnitudes in the i and K s bands for the entire sample. These histograms provide a useful estimate of the completeness and sensitivity limits of the survey. In the i-band, the survey is sensitive up to 25 mag and complete up to ∼23 mag. In the K s-band, the survey is sensitive up to ∼20 mag and complete up to ∼18 mag. A small excess appears around i ∼15 mag and K s ∼14 mag. In the i-band, it corresponds to the overlap between APASS and the DANCe photometry, with the APASS survey encompassing a larger area. In the K s-band, it corresponds to the overlap between 2MASS and UKIDSS, which have different spatial resolutions.
Appendix B: Selection of Pleiades members in the Tycho-2 catalog
Although the Tycho-2 catalog has been extensively used to search for Pleiades members, we decided to perform our analysis using the method developed by Sarro et al. (2014) . We retrieved the Tycho-2 catalog within the same area as the DANCe survey and complemented it with APASS, 2MASS, CMC-14, and WISE photometry. The best set of variables (in a statistical sense, see Sarro et al. 2014 , for more details) was found to include the proper motions and the B T , V T , r, J, H, and K magnitudes. The training set was made of 175 candidate members from the list of Stauffer et al. (2007) with a counterpart in the Tycho-2 catalog. Simulations of the completeness and contamination (see Sarro et al. 2014 , for more details) suggest to use a threshold of 48% of probability to select members in the final catalog. Figure B .1 shows a B T vs B T − V T and vector point diagrams for the 5 537 sources included in this study. With this criterion, a total of 207 candidate members are selected. We find that:
-83 of the 207 candidate members were not present in Stauffer et al. (2007) list, and -19 candidate members out of the original 175 of Stauffer et al. (2007) list with a Tycho-2 counterpart are not selected in our analysis. Figure B .1 shows that a significant fraction of them are rejected based on inconsistent proper motions, and a few of them are only based on inconsistent colors and luminosities. Table 4 gives the astrometry, photometry and membership probability for the 5 537 Tycho-2 sources included in this study. 
